Turkish Journal of Biology
Volume 42

Number 4

Article 6

1-1-2018

Enhancing the stability of a carboxylesterase by entrapment
inchitosan coated alginate beads
SUJATHA RAGHU
GAUTAM PENNATHUR

Follow this and additional works at: https://journals.tubitak.gov.tr/biology
Part of the Biology Commons

Recommended Citation
RAGHU, SUJATHA and PENNATHUR, GAUTAM (2018) "Enhancing the stability of a carboxylesterase by
entrapment inchitosan coated alginate beads," Turkish Journal of Biology: Vol. 42: No. 4, Article 6.
https://doi.org/10.3906/biy-1805-28
Available at: https://journals.tubitak.gov.tr/biology/vol42/iss4/6

This Article is brought to you for free and open access by TÜBİTAK Academic Journals. It has been accepted for
inclusion in Turkish Journal of Biology by an authorized editor of TÜBİTAK Academic Journals. For more
information, please contact academic.publications@tubitak.gov.tr.

Turkish Journal of Biology

Turk J Biol
(2018) 42: 307-318
© TÜBİTAK
doi:10.3906/biy-1805-28

http://journals.tubitak.gov.tr/biology/

Research Article

Enhancing the stability of a carboxylesterase by entrapment in
chitosan coated alginate beads
Sujatha RAGHU, Gautam PENNATHUR*
Centre for Biotechnology, Anna University, Chennai, India
Received: 08.05.2018

Accepted/Published Online: 16.07.2018

Final Version: 09.08.2018

Abstract: A carboxylesterase isolated from Aeromonas caviae MTCC 7725 was immobilized by entrapping it in chitosan coated calcium
alginate beads. This was characterized by scanning electron microscopy (SEM), energy dispersive X-ray spectroscopy (EDX), and Fourier
transform infrared spectroscopy (FTIR). The activity of the native and immobilized enzyme was measured at various temperatures, pH
levels, and organic solvents. The optimum temperature for activity of the native enzyme was found to be 40 °C and this increased to 50
°C on immobilization. The immobilized enzyme showed enhanced stability and high residual activity in various organic solvents as
compared to the free enzyme. An environmentally benign approach was used for the synthesis of ethyl salicylate using the immobilized
enzyme. The product obtained was confirmed by GC-MS. The kinetic parameters, such as Km and Vmax, were also determined for
the native and immobilized enzyme. The immobilized enzyme retained 50% of its activity after five cycles. The immobilized enzyme
retained 80% and 40% of its activity at 4 °C and at 37 °C, respectively, at the end of 40 days. The results obtained from our study show
that the immobilized enzyme can serve as a robust catalyst for industrial applications.
Key words: Carboxylesterase, immobilization, alginate, chitosan coating, entrapment, Aeromonas caviae, esterification, ethyl salicylate,
organic solvents, reusability

1. Introduction
Esterases are hydrolytic enzymes that cleave ester
bonds, liberating alcohol and carboxylic acid (E.C
3.1.1.1). They have a wide range of applications in food
processing, beverages, and perfume industries (Panda
and Gowrishankar, 2005). Microorganisms produce
different types of esterases, and are unique in catalyzing
specific reactions. For example, arylesterase obtained
from Saccharomyces cerevisiae is used for enhancing
flavor in alcoholic beverages (Lomolino et al., 2003).
Similarly sterol esterases isolated from Pseudomonas sp.,
Chromobacterium, and Ophiostoma picea are used by the
paper industry to reduce problems of pitch during paper
making (Kontkanen et al., 2004).
The genus Aeromonas is ubiquitous in the environment;
they are found in fresh water, drinking water, and
saline water. Cold-adapted lipases have been isolated
from Aeromonas LPB4 from deep sea sediments and A.
hydrophila from food products (Soltan et al., 2016).
Immobilized enzymes are preferred over free enzyme
because they can be used for many reaction cycles and can
be separated easily from the final product. Immobilization
leads to conformational changes in the enzyme thus

altering many of its properties and can lead to enhanced
activity and stability (Mateo et al., 2007).
Enzyme immobilization by entrapment is a technique
by which the free enzyme is secured in a semipermeable
support material, and this prevents the enzyme from
diffusing while allowing substrates and products to
pass through freely (Won et al., 2005). These support
materials can be natural polymers such as cellulose, agar,
chitin, alginate, dextrans, or synthetic polymers, such as
polystyrene, polyacrylate, polymethacrylate, vinyl, and
allyl polymers. Recently, a silica based solid binding peptide
was used as a support material for the immobilization of
hemicellulase enzyme. The immobilized enzyme was used
for the catalysis of simple and complex polysaccharides
(Care et al., 2017).
Amongst all the polymers mentioned, alginate is
the most commonly used due to its thermostability and
nontoxicity. A type of esterase (lipase B) obtained from
Candida antarctica was immobilized on chitosan-alginate
complex, which was functionalized by a few covalent
modifications. The immobilized enzyme was used for the
synthesis of butyl oleate (Silva et al., 2011). Alginates are
commercially available as sodium alginate. Alginate is a
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polysaccharide of 1,4-linked β-D-mannuronic acid (M)
and α-L-glucuronic acid (G) residues arranged randomly
in a linear chain. The mechanism of cross-linking involves
the exchange of Na+ ions of sodium alginate with Ca2+
ions upon the addition of calcium chloride solution. The
addition of the bivalent cations to an enzyme-sodium
alginate suspension leads to cross-linking to form beads
that are porous in nature (Anwar et al., 2009). A coating
of chitosan lends rigidity to the beads. The chitosan
forms a polyelectrolyte complex with alginate, and these
electrostatic interactions make the beads chemically inert
(Shi et al., 2007).
In this study, a carboxylesterase was isolated from
Aeromonas caviae MTCC 7725. The partially purified
enzyme was immobilized in calcium alginate beads.
These beads were further coated with a layer of chitosan.
The biochemical properties of the free and immobilized
enzymes were studied by subjecting them to different
temperatures, pH levels, and organic solvents. The kinetic
parameters Km and Vmax were also compared between the
native and the immobilized enzyme. The immobilized
enzyme was characterized using SEM and EDX to
determine the gross structure and elemental composition
of the coated and uncoated beads. An analysis of the IR
spectrum revealed the presence of the polymer materials
used for immobilization with the enzyme. An esterification
reaction using ethanol and salicylic acid was also carried
out with the enzyme immobilized beads.
2. Materials and methods
2.1. Bacterial strain and chemicals
The bacterial strain, Aeromonas caviae (MTCC 7725),
was procured from Microbial Type Culture Collection
and Gene Bank, Chandigarh (India). Luria-Bertani
(LB) broth for culture growth and enzyme production
was procured from HiMedia labs private limited, India.
Sodium alginate, calcium chloride, chitosan (low
molecular weight, 90% of deacetylation) Carbowax,
Tris (hydroxymethyl) aminomethane, and ammonium
sulfate were purchased from Sisco Research Laboratories
(SRL). 4-Nitrophenylvalerate (PNV), which is used as a
substrate for performing esterase assay, was purchased
from Sigma-Aldrich (USA). Ethyl salicylate, used as a
standard for esterification, was purchased from TCI, India.
The solvents, ethanol, methanol, propanol, isooctane,
n-octane, n-decane, and n-undecane were purchased from
SRL, India, and were of AR grade.
2.2. Preparation of the partially purified enzyme
The bacterial strain, Aeromonas caviae (MTCC 7725), was
grown in LB media at 37 °C for 24 h. The crude enzyme
was precipitated at 70% ammonium sulfate saturation. The
saturated solution was centrifuged at 10,000 rpm for 25
min at 4 °C. The precipitated protein was resuspended in
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20 mM Tris-HCl buffer (pH 7.2) and dialyzed against 10
mM of the same buffer. The buffer was changed from time
to time to ensure that the protein sample was free from salt
and other contaminants. The dialyzed protein was further
concentrated using polyethylene glycol.
2.3. Esterase assay and protein assay
The hydrolytic activity of the enzyme was quantified by
using 4-nitrophenyl valerate (PNV) as the substrate. The
method proposed by Degrassi (1999) was followed. A 50
mM stock solution of the substrate PNV was dissolved in
acetonitrile solution. A reaction mixture containing 50
mM Tris–HCl (pH 7.2), 100 µL of enzyme solution, and
4 µL of PNV was prepared. The mixture was incubated
at 37 °C for 10 min. The activity of the enzyme was
determined by measuring the absorbance of 4-nitro
phenol against an enzyme free blank at 405 nm using
Bio-Rad Model 680 ELISA reader. One enzyme unit (IU)
is defined as the amount of enzyme required to liberate 1
µmol of 4-nitrophenol per minute under standard assay
conditions. The amount of protein in the partially purified
enzyme sample was calculated using the Lowry method.
Bovine serum albumin was used as the protein standard to
plot the standard curve.
2.4. Native polyacrylamide gel electrophoresis (PAGE)
and zymogram
The activity of the partially purified esterase was confirmed
by native PAGE and subsequent zymogram. The experiment
was carried out as described by Ornstein and Davis (1964).
The stacking and separating gel compositions were 4% and
12% acrylamide respectively. The protein samples were
loaded in duplicates. The gel was run at 25 °C at 50 V. It
was stained with Coomassie Brilliant Blue (CBB R-250)
and later destained to view the protein bands. Zymogram
was performed using the overlay technique (Vandooren et
al., 2013). For zymogram analysis, the gel was equilibrated
in 20 mM Tris-HCl (pH 7.2) for 20 min. The equilibrated
gel was sandwiched between two agar layers containing
0.5% tributyrin, which was emulsified by adding 0.1%
Triton X-100 and incubated at 37 °C.
2.5. Effect of sodium alginate and calcium chloride
concentration
The porosity of the beads is affected by the degree of
cross-linking between sodium alginate and calcium
chloride. The optimum concentration for immobilization
was determined by calculating the loading efficiency and
immobilization yield by varying the concentrations of
sodium alginate (1%–5%) and calcium chloride (0.1–0.5
M). All the experiments were carried out in triplicates.
2.5.1. Immobilization of isolated esterase
The partially purified esterase solution (60 U) with a
specific activity of 82.6 U/mg and a protein concentration
of 23 mg was mixed with 2% sodium alginate solution in
a 1:1 ratio by gentle pipetting to ensure thorough mixing.
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This mixture was added dropwise into 20 mL of calcium
chloride solution (0.2 M) using a 2 mL syringe. The beads
were allowed to stand for 2 h in this solution. After the
curing process, the beads were separated from the solution
by filtering on a Whatman 40 filter paper. The beads were
washed thoroughly with 20 mM Tris-HCl buffer (pH 7.2).
The beads were then immersed in chitosan solution (50
mg of chitosan dissolved in sterile water containing 1%
glacial acetic acid solution) for 1 h. The beads were gently
stirred to ensure an even coating of chitosan. The beads
were once again washed in deionized water. The flow
through was collected to calculate the loading efficiency
of the immobilized beads. The loading efficiency and the
immobilization yield of the beads were computed by the
method described by Peña-Montes (2013). The prepared
beads were stored in 10 mM Tris-HCl buffer at 4 °C.
Loading efficiency =

Total – free esterase
× 100
Total esterase

Immobilization yield =

Specific activity of the
immobilized enzyme
Specific activity of the
free enzyme

× 100

2.5.2. Optimization of esterase assay reaction time for
immobilized beads
The immobilized beads were incubated at 37 °C, and the
enzyme assay was performed for 1 h with samples being
assayed every 10 min to find the optimum time required
for the completion of the reaction.
2.6. Characterization of immobilized beads
2.6.1. SEM/EDX analysis and FTIR analysis
The morphology of the dried beads was studied using
scanning electron microscopy (Hitachi S-3400N). The
instrument was operated at 15 kV, and the beads were
thoroughly dried at room temperature before carrying
out the analysis. The beads were mounted on metal grids
using carbon tape and were sputter-coated with gold.
The elemental composition of the uncoated and chitosan
coated alginate beads was analyzed by energy-dispersive
X-ray spectroscopy (EDX). FTIR spectroscopic studies of
calcium alginate and chitosan coated beads were done in
ATR mode using a Jasco spectrophotometer in the range
of 4000–400 cm–1.
2.7. Biochemical characterization
2.7.1. Effect of temperature on the activity and stability
of the immobilized enzyme
The native enzyme and the immobilized enzyme were
assayed for optimal activity at various temperatures (20–60
°C) and incubated for 10 min and 30 min, respectively. The
thermal stability of both the native and the immobilized

enzymes was studied by incubating them at different
temperatures (20–50 °C) for a period of 5 h. Samples were
drawn at regular time intervals to measure the residual
activity. All the experiments were performed in triplicates.
The data are represented as mean ± standard error.
2.7.2. Effect of pH on the activity of free and immobilized
enzyme
The effect of pH was observed by carrying out the activity
of the enzyme with PNV at various pH levels (5–10).
The different buffers used in the reaction mixture were
sodium acetate buffer (pH 5.0), sodium phosphate buffer
(pH 6.0), Tris-HCl buffer (pH 7.0), glycine-NaOH buffer
(pH 9.0), and phosphate-NaOH buffer (pH 10.0). All the
experiments were carried out in triplicates.
2.7.3. Effect of organic solvents
The stability of the native and the immobilized enzymes
was studied by incubating the samples with 25% of organic
solvents at 30 °C in an orbital shaker for 4 h. Aliquots were
taken from the reaction mixtures every hour, and esterase
assay was performed to determine the stability of both
the biocatalysts in different organic solvents. The enzyme
incubated with the buffer served as the control. All the
experiments were performed in triplicates.
2.7.4. Esterification reaction using immobilized enzyme
Esterification reaction was carried out using ethanol and
salicylic acid in an isooctane medium in screw capped
vials. The reaction mixture containing 0.1 g of salicylic
acid (1 M) and 1 ml of ethanol (1 M) was suspended in
2 mL of isooctane. To this reaction mixture, immobilized
enzyme (60 U) was added. The sample was incubated at 37
°C at 120 rpm in an orbital shaker along with the control
for 12 h. The sample was analyzed by GC-MS (JEOL
GCMATE II) and compared with a standard to confirm
that esterification had occurred.
2.8. Estimation of kinetic parameters
The kinetic parameters of the native and the immobilized
enzymes were determined by reacting with different
concentrations of PNV (0.2–2 mM). The experimental
data were fitted in Lineweaver–Burk plot, and the Km and
Vmax were determined.
2.9. Operational stability of the immobilized enzyme
2.9.1. Reusability of the immobilized enzyme
The reusability of the immobilized enzyme was determined
by performing the assay for several cycles. After every 30
min, the beads were recovered from the assay mixture
and washed with 20 mM Tris-HCl buffer (pH 7.2) and
resuspended into a fresh reaction mixture. The activity of
the freshly prepared beads in the first cycle was considered
as 100%. All the experiments were performed in triplicates.
2.9.2. Storage stability of the immobilized enzyme
The stability of the immobilized enzyme over long term
storage was monitored at 4 °C and 37 °C in 10 mM Tris-
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HCl, pH 7.2. The activity of the enzyme in the beads was
checked every 10 days for a consecutive period of 40 days.
This was done to determine the viability of the enzyme in the
entrapped beads.
3. Results and discussion
3.1. Esterase production
The extracellular esterase was obtained from the culture
grown in LB medium by 70% ammonium sulfate
precipitation. The precipitated protein was dialyzed, and
polyethylene glycol was used for further concentrating
the enzyme. The usage of the partially purified enzyme in
immobilization is preferred in many ways as it reduces the
cost and time involved in purification steps (Cesarini et al.,
2014).
3.2. Native polyacrylamide gel electrophoresis (PAGE) and
zymogram
Native PAGE was performed to assess the activity of the
partially purified enzyme. The esterase enzyme cleaved the
tributyrin present in the agar plate, and after 12 h, a clear
zone of hydrolysis was observed corresponding to the
protein band for the partially purified enzyme as shown in
Figure 1.
3.3. Effect of sodium alginate and calcium chloride
concentration
Alginate has widely been used for entrapment studies due
to its environmentally benign nature, cost-effectiveness,
and ease of handling. Different concentrations of alginate
(1%–5% w/v) and calcium chloride (0.1–0.5 M) were used
for entrapment as shown in Table 1. The maximum loading
efficiency (74%) and immobilization yield (78%) were

Zone of clearance in zymogram

Esterase band

Figure 1. Native PAGE and zymogram of esterase isolated from
A. caviae (MTCC 7725). Lane 1 – Esterase enzyme after partial
purification, Lane 2 – Zone of clearance for esterase enzyme in
tributyrin agar plate.
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Table 1. The effect of alginate and calcium chloride concentration
on immobilization.
Concentration
(percentage)

Loading
efficiency (%)

Immobilization
yield (%)

1

52 ± 1.2

40 ± 1.8

2

74 ± 0.25

78 ± 0.93

3

66 ± 0.15

54 ± 0.21

4

57 ± 0.11

46 ± 0.40

5

49 ± 0.26

36 ± 0.34

Alginate (%)

Calcium chloride (M)
0.1

70 ± 0.10

48 ± 1.2

0.2

74 ± 0.13

78 ± 0.5

0.3

68 ± 0.32

59 ± 0.25

0.4

66 ± 0.67

50 ± 0.92

0.5

64 ± 0.9

40 ± 0.12

Different concentrations of sodium alginate (1%–5%) and
calcium chloride (0.1–0.5 M) were tested to determine the
optimum concentration for immobilization.

achieved when 2% sodium alginate was used. At 1% sodium
alginate, the enzyme loading efficiency was found to be 52%,
and the immobilization yield was 40%. This can be attributed
to the large pore size of the beads, causing the enzyme to
leach out. When the sodium alginate concentration was
increased from 4% to 5%, the immobilized beads showed
lower loading efficiency and immobilization yield. Lower
loading efficiency was due to the high viscosity of the sodium
alginate solution and poor immobilization yield was due to
the less porous structure of the bead (Anwar et al., 2009).
Similarly, different molar concentrations of calcium chloride
(0.1–0.5 M) were used to find the most suitable concentration
for entrapment. It was observed that, at the concentration
of 0.1 M, the gelling was comparatively slow and the curing
time was more. The maximum loading efficiency and
immobilization yield were observed at a concentration of 0.2
M. The molar ratio of sodium alginate and calcium chloride
used for immobilization was 0.0925:0.2 M. Similar results
have been observed for laccase enzyme immobilized on
calcium alginate beads (Daâssi et al., 2014). The reduction in
immobilization yield (from 78% to 40%) with the increase in
the concentration of calcium chloride (from 0.2 M to 0.5 M)
was due to the change in the pH, which in turn affects the
stability of the enzyme (Won et al., 2005).
3.4. Optimization of reaction time for the immobilized
beads
The time for the hydrolysis reaction of the substrate with
immobilized enzyme was different from the free enzyme
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as the substrate had to diffuse through the porous surface
of the supporting matrix to come in contact with the
enzyme. It was found that the enzyme activity increased
with increase in incubation time from 10 to 30 min. At
the end of 30 min, the immobilized enzyme had the
maximum relative activity. This is the time required for all
the substrate molecules to percolate through the porous
beads for complete hydrolysis as shown in Figure 2. It was
found that after 40 min, the reaction became slow.
3.5. Characterization of immobilized enzyme
3.5.1. SEM/EDX images of the coated and uncoated beads
The coating of low molecular weight chitosan gave the
beads a uniform surface. The size of the bead was found
to be in the range of 1.5–1.7 µm. The coated beads showed
a smooth surface and the coating had not caused any
change in the size of the beads (Figure 3A). The uncoated
beads appeared to have a rough morphology as shown in
Figure 3B. The size of the bead is an important parameter
for esterase immobilization. The enzyme immobilized
on smaller beads showed better catalytic activity as there
is reduced substrate transfer resistance (Malesu et al.,
2011). It has been reported that the recombinant esterase
immobilized on silicate coated alginate beads showed
compact, smooth, and tight structure when compared to
the uncoated beads (Gülay and Şanlı-Mohamed, 2012).
The elemental compositions of the uncoated and chitosan
coated alginate beads were analyzed by EDX. The EDX
spectra showed that the elements found in the uncoated
and coated beads are carbon and oxygen. These are derived
from the alginate moiety. The presence of Na, Ca, and Cl
in both beads is due to the ionic gelation using calcium
chloride for the entrapment. The peak for nitrogen atom
(21.69% as shown in Table 3) was as expected for the
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Figure 2. Optimization of reaction time for the immobilized
esterase.

coated beads that are from the amide groups of chitosan.
This confirms that the calcium alginate beads have been
coated by chitosan, which confers strength to the beads.
3.5.2. FTIR analysis
FTIR spectra of uncoated and chitosan coated alginate
beads were observed (Figure 4). The uncoated cross linked
bead showed stretching vibrations of the O-H bond at
3215 cm–1. Asymmetric and symmetric vibrations of
carboxylate salt groups were found at 1653 cm–1 and 1433
cm–1. The bands at the fingerprint region 1117 cm–1 were
attributed to the pyranose ring (Malesu et al., 2011). The
sodium alginate crosslinked with calcium chloride caused
the shift in the stretching vibrations of O-H bonds to 3208
cm–1 (Figure 4A). The calcium alginate bead showed a shift
in the asymmetric vibrations of carboxylate salt groups
from 1653 to 1650 cm–1. This shift to a lower wave number
and narrow peak in the O-H region can be explained by the
replacement of sodium metal ions by calcium ions during
the gelation process changing the charge density and radius
of the sodium cation in the enzyme entrapped bead. The
vibrational spectrum of chitosan powder showed a peak
at 1658 cm–1 indicating a secondary amide bond and 1117
cm–1 for C-O-C antisymmetric stretching. Chitosan also
showed characteristic O-H bond stretching vibrations at
3213 cm–1. Stretching vibrations of C-H bond at 2745 cm–1
indicated the presence of aliphatic groups. The peak at
1434.8 cm–1 was due to the vibrations of N-H stretching of
amide and ether bonds (Orrego et al., 2010). The chitosan
coating of the alginate bead shifted the following peaks:
bond vibrations from 1654.6 to 1650 cm–1 and 1433 to
1429 cm–1 indicating the interaction between alginate and
chitosan to form a polyelectrolyte complex (Figure 4B).
3.6. Effect of temperature on activity and stability
Enzymes are found to function optimally in a narrow range
of temperature. This can be altered by immobilizing the
enzyme on a suitable support medium, thereby enhancing
its catalytic efficiency. The native enzyme showed relative
activity of 59% and 65% at 20 °C and 30 °C respectively.
The immobilized enzyme also showed a similar residual
activity (54% and 68% at 20 and 30 °C, respectively). The
optimum temperature for the free enzyme was found to
be at 40 °C whereas the optimum temperature for the
immobilized enzyme increased to 50 °C as shown in
Figure 5A. The increase in the optimum temperature from
40 °C to 50 °C can be explained by the microenvironment
that is created after immobilization, which protects the
enzyme from denaturation at higher temperature (Chen et
al., 2012). Similar results were observed for immobilized
invertase whose optimum temperature shifted from 30 to
50 °C (Khobragade and Chandel, 2002). Thermal stability
studies for the free and immobilized enzymes (Figure 5B
and Figure 5C, respectively) showed that the immobilized
enzyme had enhanced stability at varying temperatures as
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Figure 3. SEM and EDAX images of coated (Figure 3A) and uncoated (Figure 3B) immobilized beads. Figure 3A shows chitosan coated
beads, the corresponding EDAX spectrum depicts the chemical composition of the materials used for immobilization (C, N, O, Na,
Cl, and Ca), and Figure 3B shows the chemical composition of uncoated enzyme immobilized beads and the corresponding EDAX
spectrum (except for N, all the other peaks are depicted in the EDAX spectrum).

compared to the free enzyme. The free enzyme retained
only 40% of its activity whereas the immobilized enzyme
retained 60% of its activity after 5 h at 50 °C. The chitosan
coated alginate beads protected the enzyme from high
temperature and also decreased the conformational
flexibility for the immobilized enzyme (Lee et al., 2004).
The stability and enhanced activity of the immobilized
enzyme at high temperature makes it a promising
candidate for industrial applications.

were found to be marginally more active in acidic pH
when compared to the native enzyme (2%–12.56% at pH
5 and 24%–38% at pH 6). This may be attributed to the
polycationic chitosan coating that has a direct impact on
the ionization of amino acid residues of the enzyme’s active
site (Basu and Rajendran, 2008). Similarly, amylase and
beta-galactosidase immobilized on phosphine cross linked
chitosan also did not show any change in the optimum pH
after immobilization (Chang and Juang, 2005).

3.7. Effect of pH on the activity of native and immobilized
enzyme
The effect of pH on the activity of native and immobilized
esterase was assayed in the range of pH 5.0–10.0.
Immobilized enzyme tends to show a slightly higher
activity in different pH solutions when compared to the
free enzyme. In this study, the free and immobilized
esterases were found to be active at pH 7.0. The entrapment
did not cause any shift in the optimum pH in the activity
of enzyme as shown in Figure 6. The immobilized beads

3.8. Effect of organic solvents
Ester synthesis is largely carried out in organic solvents
owing to their enhanced solubility in hydrophobic
substrates and eliminates side reactions caused by water
(Mirzarakhmetova, 2012).
The stability of the native and immobilized enzyme
was studied in various organic solvents at a concentration
of 25% (v/v). The low residual activity of the native enzyme
in water miscible solvents, such as ethanol (11%), methanol
(43%), and 1-propanol (11%), could have been caused by
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Figure 4. FTIR analysis of the uncoated and coated beads. A)
Uncoated immobilized enzyme; B) Chitosan coated immobilized
enzyme.

stripping of essential water molecules from its active site
(Gururaj et al., 2016). The esterase immobilized on the
chitosan coated beads is protected from these solvents and
found to be active with better stability in these organic
solvents (20% ethanol, 57% methanol, and 29% propanol).
The free enzyme showed high residual activity in
hydrophobic solvents of high log P value as shown in
Table 2 (isooctane: 120%, n-octane: 92%, n-decane: 62%,
and n-undecane: 67%). The stability and activity of the
immobilized enzyme were further improved in these
solvents (isooctane: 140%, n-octane: 105%, n-decane:
135%, n-undecane: 103%). The highest activity was noted
in isooctane (140%). The lower enzyme activity in other
hydrophobic solvents could be due to the unfavorable
hydrophobic interactions between the hydrophobic
residues of the enzyme and the solvent causing a

disruption in the enzyme structure (Shankar et al., 2013).
The stability of the immobilized enzyme in isooctane can
be exploited by catalyzing transesterification reactions
involving high rates of conversion and enantioselectivity
(Şahin et al., 2009). Knezevic (2002) immobilized lipase
from Candida rugosa for the hydrolysis of palm oil in the
lecithin-isooctane system.
3.9. Synthesis of ethyl salicylate using immobilized
enzyme
The synthesized product was confirmed as ethyl salicylate
by GC-MS analysis. The synthesized ethyl salicylate had
a retention time of 18.8 m [M + H + ion 166] as shown in
Figure 7A and the standard ran at a retention time of 18.4
min [M + H+ ion 166]. The structure of the product was
confirmed by NIST (National Institute of Standards and
Technology) reference database (Figure 7B). A short chain
ester, isoamyl acetate (banana flavor), was synthesized with
a recombinant whole cell biocatalyst of E. coli with various
organic media and a good yield was obtained (Brault et
al., 2014).
3.10. Estimation of kinetic parameters
The kinetic parameters, namely Km and Vmax, were
estimated from Lineweaver–Burk plots as shown in Figure
8. The Km and Vmax values for the free enzyme were found
to be 0.11 mM and 0.54 units/mg, respectively (Figure 8A).
The Km value of the immobilized enzyme (0.29 mM) was
found to be higher than the free enzyme. The immobilized
enzyme showed a lower Vmax value (0.23 units/mg) when
compared to the native enzyme (0.54 units/mg, Figure
8B). Similar results were reported for β-glucosidase
immobilized by entrapment method using alginate (Chang
and Juang, 2005). An increase in Km value indicated that
the immobilized enzyme has an apparent lower affinity
for the substrate. This may be due to the rigidity conferred
to the active site; the enzyme is no longer flexible after
immobilization for substrate binding. The decrease in
Vmax value after immobilization may be attributed to the
conformational changes in the enzyme (Gupta et al., 2014).
3.11. Operational and storage stability
The drawback of using the free enzyme for
biotransformation is that they are not stable for long
periods of time during experimental conditions. It can
neither be separated from the products, nor be repeatedly
used as they are susceptible to denaturation. Operational
stability is directly associated with the enzyme’s reusability
at an industrial scale and, therefore, affects the cost value
under prescribed condition (Tischer and Wedekind, 1999).
It was observed that after three cycles, the beads retained
80% of the residual activity showing a good operational
stability. After the fifth cycle, the beads had lost 40% of
their activity. This could be because of the repeated washing
steps after each use leading to mild loss of enzyme. After
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Figure 5. A) Effect of temperature on the activity of the free and immobilized enzyme. B) Effect of temperature on the stability of the
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the seventh cycle, it was found that the residual activity of
the beads decreased fivefold (27%) as shown in Figure 9A.
The loss of activity after each cycle can be explained by the
swelling of these beads, which disrupted their structure.
Jobanputra et al. (2011) had reported that rifamycin
oxidase entrapped in uncoated calcium alginate beads
retained only 50% of the residual activity after three cycles.
This could be because of the leaching of the enzyme from
the entrapped beads (Datta and Christena, 2013). In our
study, the chitosan coating prevented this leakage and also
increased the tensile strength of the beads, thus making it
feasible to use the beads for many reaction cycles. Similar
results were observed from other immobilization studies
where alginate beads were coated with silica to prevent
enzyme leakage (Gülay and Şanlı-Mohamed, 2012).
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Table 2. The stability of the free and immobilized enzyme in various organic solvents.

Organic solvents

log P value

Control

Residual activity (%)
Free enzyme

Immobilized enzyme

-

100

100

Ethanol

–0.58

11 ± 0.13

20 ± 0.21

Methanol

–0.85

43 ± 0.11

57 ± 0.14

1-Propanol

0.28

11 ± 0.34

29 ± 0.15

Isooctane

4.373

120 ± 0.28

140 ± 0.23

n-Octane

4.783

92 ± 1.2

105 ± 0.12

n-Decane

5.802

62 ± 0.72

135 ± 0.12

n-Undecane

6.312

67 ± 1.31

103 ± 0.14

The free and immobilized enzyme was incubated for 4 h in different organic solvents
(25% v/v) and their residual activity was compared by performing esterase assay.

Table 3. Elemental composition of coated and uncoated beads.
Element

Weight (%)

Atomic (%)

C

23.31

29.17

O

49.20

46.22

Na

0.21

0.14

Cl

2.90

1.23

Ca

4.17

1.56

N

20.22

21.69

Total

100

100

C

35.12

45.52

O

49.56

48.21

Na

0.31

0.21

Cl

4.60

2.02

Ca

10.42

4.04

Total

100

100

Coated beads

Uncoated beads

The enzyme entrapped beads were stored in Tris-HCl
buffer (pH 7.2) at two different temperatures (4 and 37
°C) for a period of 40 consecutive days to check their
viability. Esterase assay was performed with these enzyme
immobilized beads. The enzyme encapsulated in the
beads stored at 4 °C retained 80% of its residual activity,
whereas the beads stored at 37 °C had retained 40% of
their activity at the end of 40 days as shown in Figure
9B. A major loss of activity of the immobilized enzyme
at 37 °C could be due to the decreasing stability of the

enzyme over a period of time. These results indicate that
the immobilized enzyme had a longer shelf life at 4 °C.
The ionic interactions between the enzyme and the beads
improve the conformational stability of the immobilized
enzyme, thereby providing longer shelf life (Pena Montes
et al., 2013).
3.12. Conclusion
A carboxylesterase isolated from Aeromonas caviae MTCC
7725 was entrapped by immobilization in calcium alginate
beads coated with chitosan. The entrapped enzyme
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Figure 7. Gas chromatography and MS for the synthesized ethyl salicylate.
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Figure 9. A) Reusability and storage stability of immobilized
enzyme. B) Storage stability of the immobilized beads at 4 °C and
37 °C.

showed higher activity and stability at high temperatures
and organic solvents, when compared to the free enzyme.
The enhanced relative activity of 140% in isooctane
medium was exploited for the synthesis of ethyl salicylate.
The reaction conditions such as enzyme concentration,
solvent system, and incubation time have to be further
optimized to improve the product yield. The reusability
of the immobilized enzyme for seven cycles and retention

of 80% of its activity at 4 °C shows that the immobilized
enzyme is a promising candidate for industrial application.
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